The progressive deployment of electric vehicles (EV) and the increased penetration of alternating current (AC) and direct current (DC) type renewable resources paves the path towards hybrid AC/DC microgrid operation. Considering the potentials of EVs in the realm of the microgrids, this paper presents a three layered coordinated control strategy considering EV availability constraints for three-phase (3P) and DC type EV energy storage systems (EV-ESS) to improve the hybrid AC/DC microgrid operation. The first layer of the algorithm ensures DC subgrid management, which includes DC bus voltage regulation and DC power management. The second and third layer are responsible for the AC subgrid management, which include AC bus voltage and frequency regulation with active and reactive energy management. The multi-layered coordination is embedded into the microgrid central controller (MGCC) which controls the interlinking controller in between AC and DC microgrid as well as the interfacing controllers of the participating EVs and distributed renewable resources (DER). The hybrid AC/DC microgrid has been designed in MATLAB/SIMULINK ® environment resembling the under construction microgrid at Griffith University, Australia. Extensive case studies have been performed considering real life irradiation data and commercial loads of the campus building. Impacts of homogeneous and heterogeneous single-phase EV charging are investigated to observe the unbalanced scenario. Synchronization state while switching from islanded to grid connected mode has also been tested considering contingency situation. From the comparative simulation results it is evident that the proposed controller exhibits effective and robust performance for all the cases.
Introduction 1
The accelerated depletion rate of the fossil fuels and the raising environmental concerns associated with 2 the fossil-fired power generation are driving the global electricity generation systems towards distributed 3 generators (DGs). Microgrids have the capability of clustering DGs such as renewable/sustainable resources 4 and energy storage systems (ESS) through intelligent and coordinated control. As a result, the microgrid 5 concept has been widely adopted which can provide several ancillary services such as grid voltage and 6 frequency regulation, active and reactive power control, uninterruptable power supply (UPS) and fault ride 7 through service during any grid fault. It can also contribute to enhance power quality and system reliability 8 in an economic manner [1] . Based on the outputs of the participating DGs and loads, microgrids can be 9 condition has also been considered caused by single-phase EV chargers.
102
The rest of the paper is organized as follows. Section 2 gives a brief introduction of the under construction having BESS attached to the PV system are twofold. Primarily, the BESS will tightly regulate the output 120 voltage of the PV system and secondarily, it will buffer the intermittent PV output power [22] . The combined 121 DG unit (PV and BESS) is presently used for the peak demand management purpose. The capacity of these DGs will be increased in the future based on the total load demand to utilize them in microgrid operation 123 within one or multiple buildings.
124
N05 building is allocated for smart EV/plug-in hybrid electric vehicle (PHEV) charging station, which 125 will facilitate V2G operation. EV-ESSs will be charged using bidirectional DC fast chargers when they are 126 connected to the DC bus. AC charging is planned to be installed at the AC bus of the N05 building. The
127
bidirectional AC charging will include on-board three-phase fast charging and single-phase slow charging.
128
N74 building contains sensitive loads attached to both buses. This building requires an uninterruptible 129 power supply (UPS) operation due to the presence of critical loads like laboratory equipment and testing
130
samples. The building is presently served by backup diesel generator and battery energy storages during 131 outage. The diesel generators are inherently slower compared to the micro-turbines due to the high inertia.
132
As a result, the backup diesel generators will be replaced in the future with micro-turbines for their fast 133 starting capability.
134
In order to monitor and analyse data sensor-based smart power meter (Power Meter PM5350A) has Using the physical property of the p − n semiconductor, the model of PV module can be obtained based
160
on the PV array current-voltage relationship presented in (1)
Where, I Li = current corresponding to light The constant α pi = 
188
For i * > 0 the battery will act as in discharge mode which can be represented as
For i * < 0 the battery will act as in charge mode which can be represented as
Where, E 0 = Constant voltage (V ) .
Fundamental components of the calculated real and reactive power are extracted using a low pass filter
211
(LPF) with cutoff frequency ω c . The outputs of the LPF are the inputs for the droop control as shown in
Voltage and frequency regulation during islanded microgrid operation requires specific control actions. These .
Where, D P and D Q are the droop coefficients for P/ω and Q/V droop controller respectively. " * " repre- The droop coefficients can be calculated using the following equations,
Considering that the three-phase inverter interfaced EV chargers are V2G capable and can absorb or supply 229 both real and reactive power. Then the above droop coefficients for the three-phase inverter interfaced 
Whereλ ld andλ lq are state variables corresponding to the proportional-integral (PI) controller of the current 
Where K The coordinated control of the three-phase and the DC type EV-ESS is designed considering following 
Where (14) can be rewritten as follows
It can be observed from (15) that the DC bus voltage needs to be double in magnitude of the phase- VSIs.
288
Power sharing: During grid-tied mode, DG sources generate pre-specified active/reactive power and 
EV availability constraints:
382 EV-ESS capacity constraints: Overcharging or discharging has adverse effect on EV battery lifetime.
383
As a result, charging/discharging of both DC or 3P EV-ESS need to satisfy energy constraints men-384 tioned below:
Where,
In the above equations, is the rated battery capacity in ampere-hour (Ah) of the ith EV;
390
∆T i is the charging/discharging duration of the ith EV;
is the change in battery capacity within ∆T i duration of the ith EV
392
EV user requirements: In order to ensure flexible user experiences, the EV user should be able to 393 pre-set the available time and minimum required SOC value for their EVs:
395
T i is the available or controllable time of ith EV, during the period that EV can be involved in V2G converters must be within the allowable range:
Where, P 
439
Usually for residential single-phase charging the overnight charging is suggested when the peak demand is In this paper, a novel coordinated control strategy is proposed which facilitates the V2G capability 478 of three-phase and DC type EV charging stations in an islanded commercial hybrid AC/DC microgrid.
479
The main objective of the coordinated control is to improve the performance of the microgrid in terms of 
484
The second and third layer coordinate three-phase EV charging station that has the V2G four quadrant 485 operational capability which are responsible for frequency and AC bus RMS voltage regulation respectively. Identifier Description A 10 kW peak SunPower E20 series solar panels in 6 strings of 5 panels B 2 kW peak SunPower E20 series solar panels C 2 kW peak SunPower E20 series solar panels D 1.5 kW peak Kyocera modules in series configuration 
